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Study of left ventricular pressure-volume relations in man has been limited by technical problems associated with left ventricular angiography. A new approach to this problem using simultaneous recording of left ventricular pressure and left ventricular volume (determined by echocardiography) was figure 1 . Following the echocardiographic studies, left Abbreviations: LV = left ventricle; AR = aortic regurgitation; AS = aortic stenosis; CAD = coronary artery disease; CHF = congestive heart failure; CM = cardiomyopathy; HBP = hypertension; MR = mitral regurgitation; MS = mitral stenosis.
The P values represent the significance level for each parameter as compared with Group 1. approximately the same as that obtained by others in similar patients13 using quantitative angiography to estimate ventricular volume.
The usefulness of this graphic analysis of stroke work is illustrated by the study of pressure-volume relationships in a patient with severe aortic stenosis and mild aortic regurgitation as shown in figure 5 . Simultaneous left ventricular pressure, volume and aortic pressure have been plotted. This graph illustrates total stroke work or the sum of diastolic work (spent distending the left ventricle) and systolic work. Systolic work can be further divided into: (a) the work dissipated in overcoming the obstruction to ejection ("impedance work"), represented as the area between ventricular systolic pressure and the aortic pressure; and (b) "effective" stroke work (the pressure-volume work required if there were no outflow obstruction to be overcome), represented as the area between aortic pressure and left ventricular diastolic pressure.
The application of this technique after an intervention is illustrated in figure 6 . The pressure and corresponding volume averaged for five consecutive beats at rest and during the second minute of rapid atrial pacing have been plotted against time. The mean and standard deviation for each point are illustrated. During Representative diastolic pressure-volume plots illustrating the marked variation in diastolic pressure-volume relations among the patients. In summary, a new approach to left ventricular pressure-volume measurements has been described. The method, utilizing simultaneous strip chart recordings of the left ventricular volume echocardiogram and left ventricular pressure, has made possible measurement of pressure and volume at frequent intervals throughout multiple cardiac cycles. Studies in 21 patients have permitted the quantitation of total stroke work and its various components, the qualitative evaluation of diastolic compliance, and assessment of the severity of regurgitant valvular lesions. Results obtained using this technique are similar to results previously reported by others using angiographic volume determinations. 5 6, 11 This new approach, with certain assumptions, is a useful alternative to angiographic volume measurements and should have wider application than previous techniques.
